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Introduction  

The novel coronavirus, SARS-CoV-2, belongs to the 

coronaviridae family, which are positive-sense single-

stranded enveloped RNA viruses. It was initiated in 

WUHAN, is caused by sever acute respiratory syndrome 

coronavirus 2 (SARS-COV-2).1 It was named as the 

severe acute respiratory syndrome coronavirus 2 

(SARS-COV-2) by the international committee on 

Taxonomy of viruses (ICTV), since it is similar to 

previous SARS-COV.2 The beginning of novel corona- 

virus was mentioned firstly by the World Health 

Organization (WHO) on December 31, 2019.3 Since its 

outbreaks, covid-19 has spread rapidly around the 

world cause a huge effect on human life.4 Population, 

economic growth and many of normal life 

manifestation was badly affected by this on-going 

pandemic.5 It has caused a large mortality globally 

since December of 2019.6 20% of infected individual 

become severity ill and 2-5% die.7 Respiratory failure 

is the most common cause of death, but excessive 

inflammatory reactions that lead to coagulation end by 

multiple organ failure are also cause of death.8 

Coagulation and other haematological disorders result 

from covid-19, related to increase D-dimer, fibrinogen, 

and factor VIII (EVIII) level was occurred.9 In 

coronavirus disease 2019 (COVID-19), multiple thrombo- 

inflammatory events contribute to the coagulation 
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A thrombotic complication is one of the severe clinical outcomes of COVID-19. Various pathophysiological mechanisms for 
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system activation, suppressed fibrinolysis, vascular 

endothelial cell injury, and prothrombotic alterations in 

immune cells such as macrophages and neutrophils.10 

Due to all of these, many potential was intensified for 

vaccine development against COVID-19, that was 

absolutely important for the prevention and control of 

this disease.11 Currently, much managements are taken 

place to deal with COVID effects and how to treat 

them. This present review aims to highlight the current 

understanding of the pathophysiology and etiogenesis 

of COVID-19 related coagulopathy and hematological 

parameters either in vaccinated or non-vaccinated 

diagnosed cases. Additionally, the current review illustrates 

the rationale for use of anticoagulants, thrombolytic 

and antiplatelet drugs in different COV-19 therapeutic 

protocols. 

 

Causes of Hyper-Coagulability During COV-19 

Infection 

Thrombotic complications are one of the severe 

clinical outcomes of COVID-19, especially among 

critically ill patients. The hypercoagulable state in 

COVID-19 is considered as emerging state as it 

associates with poor prognosis with a major pathological 

occurrence with serious consequences in mortality and 

morbidity. The pathophysiology of COVID-19 associated 

hypercoagulability is not fully understood. In comparison 

to venous thrombosis, the incidence of arterial thrombosis 

in COVID-19 appears to be minor. The Pulmonary 

embolism is the most common thrombotic manifestation 

of COVID-19.12 

Various factors have been reported to be associated 

with increased risk for coagulopathies among COVID-

19 patients. These include patients’ age, and having of 

chronic disease such as cardiovascular disease, diabetes, 

and hypertension.13 So COVID-19 patents with chronic 

disease have been shown to increase pro-inflammatory 

mediators IL-6 and these patients are at higher risk of 

serious complications of COVID-19.14,15  

It is also believed that men have been shown to have 

been more at risk of developing thrombotic com- 

plications, and elderly patients are severely affected by 

the infection so they require ICU admission, and be 

higher incidence of thrombosis.16  

Several mechanisms have been proposed for coagulation 

pathogenesis likely involves the following17 (Figure 1): 

 

 
 

Figure 1. Mechanisms of Hypercoagulability-Related to COVID-19 Infection 

 

The causal, bi-directional relationship between 

inflammation and thrombosis is well established. 

COVID-19 causes a profoundly pro-inflammatory 

state, as evident from multiple reports of high C-

reactive protein, lactate dehydrogenase, ferritin, 

interleukin-6 and D-dimer levels. IL-6 and fibrinogen 

levels are shown to correlate with each other in 

COVID-19 patients, providing credence to the idea of 

inflammatory thrombosis,18 and excessive cytokine 

release contributes to thrombosis through multiple 

mechanisms, including activation of monocytes, 

neutrophils, and the endothelium, all of which generates 

a prothrombotic state like increasing production of IL-

6, IL-7, TNF, and inflammatory chemokine's such as 



Thabet et al 

 

 399  |  International Journal of Medical Reviews. 2022;9(4):397-405 

CCL2, CCL3, and soluble IL-2 receptor.19 The immune 

system and homeostasis complement each other in 

order to defend against a pathogen. This physiological 

mechanism could be dysregulated, leading to the 

formation of excess thrombus formation, when infected 

with COVID-19.20 It has also been suggested that the 

virus itself play role in activation the coagulation 

cascade.21 As for the neutrophil count, lymphocyte 

count, and platelet count correlate with disease severity.22  

There are many changes to be made in this case 

include: increased fibrinogen concentration, increased 

factor VIII activity, increased circulating von Willebrand 

factor, elevated D-dimer, cardiac troponin, ferritin, 

lactate dehydrogenase, and IL-6 levels, prolongation of 

the prothrombin time, and exhausted fibrinolysis.23,24 

 

Etiology of Hyper-Coagulability after Vaccination 

Against COVID-19 

Thrombosis symptoms are observed in many 

COVID-19 vaccinated recipients. It is found that all 

vaccines can lead to this problem, but greatly it is 

noticed in AstraZeneca and Johnson vaccine.25-27 

Cerebral venous sinus thrombosis (CVST) with throm- 

bocytopenia has been recorded in patient receipt 

adenoviral vector vaccine.28 European Medicine Agency's 

Pharmacovigilance Risk Assessment Committee, show 

that” 169 cases of cerebral venous sinus thrombosis 

and 53 cases of splanchnic vein thrombosis were 

reported, from the 34 million people who takes the 

AstraZeneca COVID-19 vaccine in the first two weeks 

of getting vaccinated.25 Moreover, some reports of 

venous thrombosis after vaccination with Johnson 

vaccine are recorded.26  

This problem was found to be rare, that makes the 

benefits of the vaccine overcome the risks. As a 

consequence, Vaccination against covid-19 remains 

critical for control of this pandemic problem.29 Laboratory 

results of patients with thrombosis after receiving the 

vaccine were as following: high level of D-dimer, low 

platelet count, low fibrinogen and high levels of IgG 

antibodies against PF4 complexes.30,31 Scientists were 

not able to reach a clear cause for the occurrence of 

clots, but many hypotheses have been developed about 

this aspect (Figure 2). 

 

 
 

Figure 2. Mechanisms of Hypercoagulability after Vaccination Against COVID-19 Infection 

 

The type of carrier and the components of the vaccine 

play a major role in the occurrence of clots after receipt 

the vaccines. AstraZeneca COVID vaccine and Johnson 

vaccines composed of replicating adenoviral vectors.28,35 

Interactions between the vaccine and platelets or 

platelet factor 4 (PF4) play a major role in the 

pathogenesis of VACCINE Induced immune thrombotic 

thrombocytopenia (VITT).29,32 The direct interaction 

between adenoviral vector and platelets in which the 

free DNA in the vaccine binds to PF4 and triggers 

platelet-activating immunoglobulin G (IgG) antibodies.27,32,33 

Anti-PF4 binds to PF4 complexes that forms immune 

complexes bind to Fc-receptors on platelets (FcγRIIA).27,33 

This causes platelet activation and appearance of 

platelet micro fragments of that initiate clotting 

formation stimulates prothrombotic cascade and decreases 

platelet count that causes thrombocytopenia.32 

Activation of the clotting cascade results in 

thrombosis generation and increases the risk for new 

thrombosis.33 Polymorphisms in FcγRIIA were found 

to have a great role in this cascade.32,33 Cross-reactivity 

between anti-SARS-CoV-2 spike protein antibodies 
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with PF4 also can occur.34 Cross-reaction between the 

vaccine, platelets, and PF4 has also been considered as 

a contributing factor since adenovirus can bind to 

platelets resulting in platelet activation.35 In addition, 

platelets express high levels of the angiotensin-

converting enzyme-2 to which Spike protein binds.36 As 

a consequence, vaccine Spike protein may directly 

activate platelets, initiating clotting pathway.34 Presence 

of natural IgG antibodies against (PF4) also contribute 

to platelet activation  as that bind PF4 complexes and 

result in platelet activation.37,38 Another opinion on this 

aspect is showed by McGonagle and coll that how 

cerebral sinus- and splanchnic veins make it possible 

for viral products that present in body fluid to reach the 

endothelial layers of different vessels.39 These sites 

have a high amount of anti-PF4 autoantibodies that 

interact and activate of platelets, as mentioned 

previously.40 Another hypothesis has been established 

forward by some scientists on these mechanisms that 

the defect may be in vaccination procedure or immun- 

ization errors.41 In normal situation, the component of 

the vaccine must reach to the cell nucleus not to cell 

fluids. Most vaccines are given via the intramuscular 

route,39 any suddenly local trauma or bleeding due to 

immunization error can lead to escapation of vaccine 

component and appearance of extracellular DNA, 

which may act as a strong stimulant for local immune 

response.39,40 Widespread distribution of viral vectors 

in blood stream in which many interactions between 

these vectors, platelets and blood component can 

happen.42 As mentioned earlier, the components of the 

vaccine have a role in this issue, as it contains 

preservatives, or stabilizers (also known as excipients) 

that stimulate the immune system in a rare and 

excessive response, leading to clots41. Andreas 

Grenache, and his team in the German University 

of Grief's Weald, pointed that Preservatives material in 

vaccine interact with proteins in the body which are 

responsible in clots formation.43 The German team 

examined more than 1,000 proteins in the AstraZeneca 

vaccine, in addition to a preservative known “ethylene 

diamine tetra acetic acid, which is known to cause 

structural, biochemical and functional injury to blood 

platelets alongside clotting formation.44 These proteins 

spread in the bloodstream, and they interact with 

platelets or "PF4" to form compounds that activate the 

production of antibodies that recognize PF4 as 

mentioned before.43 

Use of Anticoagulants and Antiplatelet Agents 

During Infection and After Vaccination 

The management of hypercoagulability in COVID-19 

can be challenging due to limited data. So, unfortunately, 

there is no solid scientific evidence to support antithrombotic 

therapy in patients infected with COVID-19 or receive 

its vaccine. Although there is no specific drug to treat 

SARS-CoV-2, a number of drugs are under investigation 

and have been made available for using in clinical 

practice.45 Research and studies are still in progress. In 

a pre-proof retrospective study of 2773 patients 

hospitalized with COVID-19, patients who received 

anticoagulation (786 patients, 21%) had an in-hospital 

mortality rate of 22.5% and a median survival of 21 

days, compared with 22.8% and a median survival of 

14 days in those who did not receive anticoagulation.46 

Many drugs after several experiments conducted on it, 

have been used to treat clotting during infection with 

the Corona virus or after taking its vaccine to keep up 

with the possible complications of this vaccine, these 

drugs include anticoagulant and antiplatelet drugs. 

There are recommendation further clinical trials to 

evaluate the safety and efficacy of combining antiplatelet 

and anticoagulants agents in the management of 

COVID-19 patients, and recommend administration of 

anticoagulants varying in doses based on case severity 

in COVID-19 patients.47,48 

 

Low-dose aspirin is an inexpensive drug with an 

anti-inflammatory, antithrombotic effects, and antiviral 

properties against RNA viruses.49,50 Using low-dose of  

aspirin in COVID-19 patient showed effective results 

in secondary prevention of Atherosclerotic Cardiovascular 

Disease (ASCVD) alongside decreasing the risk of 

ICU admission and mechanical ventilation in hospitalized 

patients who take prehospital low-dose aspirin therapy.51  

Aspirin use found to be associated with improving 

outcomes in hospitalized COVID-19.52 A recent cohort 

study in Denmark involved 9236 confirmed COVID-

19 patients with (2.7%) nonsteroidal anti-inflammatory 

drugs (NSAID) user therapy (aspirin is a type of 

NSAID), indicates that using of NSAIDs was not 

associated with 30-day mortality, hospitalization, ICU 

admission, mechanical ventilation or renal replacement 

therapy in Danish patients who tested positive for 

COVID-19.53 

Several pharmacological effects of aspirin have been 

postulated to have clinical applications in the modulation 
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of inflammatory pathways, thrombosis, and viral 

infectivity. Low-dose aspirin has pleiotropic effects 

with potential benefits especially early in the course of 

COVID-19 illness.54 Firstly, irreversible inhibition 

COX-1 enzyme which inhibits the synthesis of 

thromboxane A2 resulting in inhibition of platelet 

aggregation and potent anti-thrombotic action.54 

Inhibition of platelet activation lead to suppression of 

release reaction followed by inhibition of neutrophil 

recruitment on vascular endothelium and reducing of 

thrombin generation.55 Secondly, acetylation of COX-2 

enzyme leads to synthesis of resolvins that promote 

resolution of inflammation induced by tissue damage 

and cytokines in COVID-19.56 Aspirin can control the 

acute respiratory distress syndrome (ARDS) process. 

Zhou et al said  that administration of aspirin before 

getting  hospitalized can prevent severe ARDS and 

decrease serious COVID-19 complications.57 This can 

be occurred by Inhibition the enzyme COX and 

preventing the formation of pro-inflammatory throm- 

boxane and prostaglandins.58 This cause Inhibition of  

the release of nuclear factor kappa B (NFκB) from its 

inhibitor IkB and preventing the formation of pro-

inflammatory cytokines and chemokines leading to the 

production of aspirin triggered lipoxin that induces the 

release of endothelial nitric oxide and inhibits production 

of IL-8 and  myeloperoxidase which followed by 

restoration of neutrophil apoptosis and promotion of  

resolution.58 Consequently, Increasing the production 

of nitric oxide (NO) and resulting in reduced migration 

and infiltration of neutrophils and endothelium 

permeability.58 American Diabetes Association state 

that Aspirin therapy (75-162 mg/day) may be considered 

as a primary prevention strategy in those with diabetes 

who are at increased cardiovascular risk, after a 

comprehensive discussion with the patient on the 

benefits versus the comparable increased risk of 

bleeding.59 

 

Dipyridamole (2-6-bis(diethonolomino)-4,8-dipiperidino- 

pyrimido 5,4-d-pyrimidine) has lately being used as a 

coronary vasodilator and inhibitor for platelets aggregation 

after 50 years of producing it.60 The antiplatelet agent 

Dipyridamole act as phosphodiesteradse (PDE) inhibitor 

but increase intracellular adenosine 3,5- monophosohate 

(cAMP)/cyclic guanosine 3,5-monophosphate (cGMP).60 

Hence,rise in cAMP that inhibit platelet aggregation 

lead to control the adenosine-mediated activation of 

platelet adenosine A2A receptors( A2AR ).61 it also 

suppress the reuptake of adenosine but red blood cell, 

so it increase plasma level of this vasodilator and 

platelet inhibitor nucleoside.60 Moreover, it acts as 

antioxidant by scavenging free radicals that inactivate 

cyclo-oxygenase, by this way inhancing prostaglandin 

I 2(PGI2) biosynthesis.60,62,63 Dipyridamole effect in 

SARS-COV-2 replication in vitro and inhibit it as 

reported recently, also, adjunct dipyridamole can 

inhance the clinical course in sever COVID-19.64 And 

boosting clinical outcomes, since dipyridamole (DIP) 

therapy led to increased circulating lymphocyte and 

platelet counts and lowered D-dimer level.65 DIP has 

broad spectrum antiviral activity as it suppresses 

inflammation and promotes mucosa healing.66,67 It was 

found that DIP adjunctive treatment was effective in 

preventing hypercoagulability if applied early in the 

severe COVID-19 patients.65 

 

Clopidogrel is anti-platelet that contributes in 

reducing coagulation by prevents platelet activation 

and aggregation this help patients from death after 

COVID-19 infection. Clopidogrel is a new thienopyridine 

derivative, which inhibits adenosine diphosphate-

induced platelet aggregation.68 It prevents platelet 

activation and aggregation by irreversibly inhibiting 

the P2Y12 class of adenosine diphosphate (ADP) 

receptors on the surfaces of platelets and this 

irreversible binding prevents activation of platelet 

surface GPIIb/IIIa receptors thus preventing the 

platelets ability to bind fibrinogen.69 Sometimes, you 

may be given both low dose aspirin and clopidogrel 

they are very effective.70 there are studies proved use 

clopidogrel with aspirin is very active from use it 

alone.71 Clopidogrel is active only after intravenous or 

oral administration.72 It uses to prevent arterial thrombotic 

events and decrease  mortality rate in patients with 

COVID-19. Before taking clopidogrel, the patient 

should be sure to tell his doctor and pharmacist about 

all prescription, over-the-counter, and other drugs he 

takes. Also, he should tell them about any vitamins, 

herbs, and supplements he uses. 

 

Heparin is a polysaccharide originally isolated from 

mammalian animal tissue in 1916.73 Heparin was the 

first true anticoagulant.74 It comes in two forms: 

Unfractionated heparin (UFH) and low-molecular-

weight heparin (LMWH). Both UFH and LMWH have 
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the ability of binding to anti-thrombin (AT) glycoprotein, 

enhancing AT inactivation of potent enzymes in the 

coagulation pathway, such as Factor Xa and Factor IIa 

(Thrombin).74 In other words, it acts by promoting 

formation of an intermediate protease-heparin-anti 

thrombin complex which facilitates inhibition of 

thrombin and activated factor x.75  

Considering the findings that the antiviral effect of 

UFH could be stronger than LMWH, the dose of 

choice must be decided carefully, once UFH presents a 

higher risk for bleeding than LMWH. It was noticed in 

a published research that heparin sulfate (HS) 

derivatives, such as UFH and LMWH, at feasible 

concentrations for clinical application, induces 

conformational alteration of the SARS-CoV-2 Spike 

protein which is a central molecule for the host's cell 

invasion.75 The advantageous of heparin underlying 

treatment of COVID-19 patients could be explained 

not only by its anticoagulant properties but also due to 

its non-anticoagulant mechanisms, which include anti-

viral and anti-inflammatory actions such as decrease of 

COVID-19 host cell entry, inhibition of pro-

inflammatory cytokines and chemokines, inhibition of 

vascular permeability and leukocyte migration.So, 

WHO recommended in COVID-19 patients thrombo-

prophylaxis with either UFH or LMWH. 

Low molecular weight heparin or unfractionated 

heparin is preferred over oral anticoagulants to 

critically ill patients; because the two types of heparin 

have shorter half-lives, can be administered intravenously 

or subcutaneously, and have fewer drug-drug interactions. 

Alternative therapy should be considered in patients 

with contraindications for heparin, such as heparin-

induced thrombocytopenia or active or recent bleeding. 

A possible explanation for the failure of heparin to 

properly inhibit or reduce coagulation in COVID-19 

patients could be the development of heparin resistance 

in a select group of patients suffering from aggravated 

disease status. Patients prone to heparin resistance 

commonly present with a deficiency in antithrombin 

III, increased fibrinogen and D-dimer level 76. It can 

result from increased heparin-binding protein levels, 

low ATIII levels, increased heparin clearance levels, 

high factor VIII levels and factitious resistance.77 

 

Warfarin is the most commonly used oral anti-

coagulant; whereas the most commonly used anti-platelet 

medications include aspirin and clopidogrel, each of 

which influences blood hemostasis through different 

mechanisms. It makes your blood flow through your 

veins more easily and decrease a dangerous blood clot. 

Warfarin has a relatively narrow therapeutic index 

around which under-dosing may result in recurrent 

thrombosis and over-dosing may result in severe and 

life-threatening bleeding.78 Warfarin exerts its anticoagulant 

effect by inhibiting vitamin K production, which is 

essential for the metabolism of certain coagulation 

factors.79 It has an initial pro-thrombotic effect, by 

initially blocking proteins C and S, followed by a 

delayed antithrombotic effect, through the inhibition of 

coagulation factors II, VII, IX, and X.80 If you are 

taking warfarin, it is important to be consistent with 

what you eat and drink because this may affect how 

well this medicine works. It's usual to take warfarin 

once a day, normally in the evening and Regular 

measurement of International Normalized Ratio (INR) 

levels is an essential component in the management of 

patients receiving warfarin treatment. Warfarin is very 

important for patients that suffer from coagulation after 

COVID-19 infection or COVID-19 vaccines. 

 

Direct Oral Anticoagulants (DOACs) 

These agents are used to treatment and prevention deep 

vein thrombosis and pulmonary embolism that made 

after COVID-19 infection. It is drugs are now standard 

of treatment in venous thrombosis and atrial fibrillation. 

DOACs are target-specific anticoagulants that inhibit 

both free and bound activated serine proteases.81 Also, 

DOACs directly, selectively, and reversibly inhibit 

factors IIa or Xa.82 There are many anticoagulants 

including one direct thrombin inhibitor (dabigatran) 

and three factor Xa inhibitors (apixaban, edoxaban, and 

rivaroxaban).83 Dabigatran direct thrombin inhibitor by 

inhibiting active thrombin (factor IIa) that prevents the 

conversion of fibrinogen to fibrin and inhibits free 

thrombin.84 Rivaroxaban is a direct inhibitor of factor 

Xa that decreases thrombin concentration and reduces 

the risk of blood clots forming in the veins and 

arteries.84 Rivaroxaban inhibits both the intrinsic and 

extrinsic coagulation cascades because it blocks the 

enzyme involved in the production of thrombin.84 

Apixaban (Eliquis) is a potent and direct inhibitor of 

FXa that specifically and reversibly inhibits both 

prothrombinase and clot-bound FXa.85 The advantage 

of DOACs is that they do not require routine 

anticoagulation monitoring because it is wide therapeutic 
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index.86 DOACs are very important in reducing 

coagulation that become after COVID-19 infection and 

protect patients from clotting that maybe happen in any 

place in your body. There are currently no clinical data 

on safety or efficacy of DOAC use in COVID-19 

patients.87 So, one must ask his doctor if he wants to 

take DOACs during COVID-19 infection. It reduces 

clotting in patients but not remove clotting completely. 

 

Conclusion 

The hypercoagulable state in COVID-19 is considered 

as emergent state since many major pathological events 

occurred with serious consequences related to mortality 

and morbidity. There are many evidences support that 

the hypercoagulabity which is caused by SARS-COV-2, 

includes a unique mechanism of thrombo-inflammation 

cascade that is triggered by viral infection and other 

ways. The therapeutic and vaccination intervention for 

thrombotic complications associated with the COVID-

19 epidemic has also considered playing a major role 

in reducing the mortality and morbidity complications 

resulting from these clots. Regardless of some possible 

risks produced by vaccines, the benefits resulting from 

taking it outweigh the risks caused by it, so controlling 

the spread of this virus is the goal that is sought and 

requires the concerted efforts of all categories, 

competent, and non-competent authorities to score it. 

 

Conflict of Interest 

The authors declare no conflicts of interest. 

 

References 

1. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al. 

The origin, transmission and clinical therapies on coronavirus 

disease 2019 (COVID-19) outbreak–an update on the status. 

Mil Med Res. 2020;7(1):11. doi:10.1186/s40779-020-00240-0 

2. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, 

Gulyaeva AA, et al. Coronaviridae Study Group of the 

International Committee on Taxonomy of Viruses. The species 

severe acute respiratory syndrome-related coronavirus: 

classifying 2019-nCoV and naming it SARS-CoV-2. Nat 

Microbiol. 2020;5(4):536-44. 

3. Majumder J, Minko T. Recent developments on therapeutic 

and diagnostic approaches for COVID-19. AAPS J. 2021;23(1): 

14. doi:10.1208/s12248-020-00532-2 

4. Ungaro RC, Sullivan T, Colombel JF, Patel G. What should 

gastroenterologists and patients know about COVID-19?. Clin 

Gastroenterol Hepatol. 2020;18(7):1409-11. doi:10.1016/j. 

cgh.2020.03.020 

5. Sreepadmanabh M, Sahu AK, Chande A. COVID-19: Advances 

in diagnostic tools, treatment strategies, and vaccine 

development. J Biosci. 2020;45(1):148. doi:10.1007/s12038-

020-00114-6 

6. Akula SM, McCubrey JA. Where are we with understanding of 

COVID-19?. Adv Biol Regul. 2020;78:100738. doi:10.1016/ 

j.jbior.2020.100738 

7. Asakura H, Ogawa H. COVID-19-associated coagulopathy and 

disseminated intravascular coagulation. Int J Hematol. 

2021;113(1):45-57. doi:10.1007/s12185-020-03029-y  

8. Arachchillage DR, Laffan M. Abnormal coagulation 

parameters are associated with poor prognosis in patients with 

novel coronavirus pneumonia. J Thromb Haemost. 2020;18(5): 

1233-4. doi:10.1111/jth.14820 

9. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities 

and thrombosis in patients with COVID-19. Lancet Haematol. 

2020;7(6):e438-40. doi:10.1016/S2352-3026(20)30145-9 

10. Iba T, Levy JH. The roles of platelets in COVID-19-associated 

coagulopathy and vaccine-induced immune thrombotic 

thrombocytopenia. Trends Cardiovasc Med. 2022;32(1):1-9. 

doi:10.1016/j.tcm.2021.08.012 

11. Rothan HA, Byrareddy SN. The epidemiology and 

pathogenesis of coronavirus disease (COVID-19) outbreak. J 

Autoimmun. 2020;109:102433. doi:10.1016/j.jaut.2020.1024 

33 

12. Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent 

changes in blood coagulation of patients with SARS-CoV-2 

infection. Clin Chem Lab Med. 2020;58(7):1116-20. 

doi:10.1515/cclm-2020-0188 

13. Fang L, Karakiulakis G, Roth M. Are patients with hypertension 

and diabetes mellitus at increased risk for COVID-19 

infection?. Lancet Respir Mede. 2020;8(4):e21. doi:10.1016/ 

S2213-2600(20)30116-8 

14. Sardu C, Gargiulo G, Esposito G, Paolisso G, Marfella R. 

Impact of diabetes mellitus on clinical outcomes in patients 

affected by Covid-19. Cardiovasc Diabetol. 2020;19(1):76. 

doi:10.1186/s12933-020-01047-y 

15. Sardu C, D’Onofrio N, Balestrieri ML, Barbieri M, Rizzo MR, 

Messina V, et al. Hyperglycaemia on admission to hospital and 

COVID-19. Diabetologia. 2020;63(11):2486-7. doi:10.1007/ 

s00125-020-05216-2 

16. Liu K, Chen Y, Lin R, Han K. Clinical features of COVID-19 in 

elderly patients: A comparison with young and middle-aged 

patients. J Infect. 2020;80(6):e14-8. doi:10.1016/j.jinf.2020. 

03.005 

17. Kichloo A, Dettloff K, Aljadah M, Albosta M, Jamal S, Singh J, 

et al. COVID-19 and hypercoagulability: a review. 

Clin Appl Thromb/Hemost. 2020;26:1076029620962853. 

doi:10.1177/1076029620962853 

18. Ranucci M, Ballotta A, Di Dedda U, Baryshnikova E, Dei Poli 

M, Resta M, et al. The procoagulant pattern of patients with 

COVID‐19 acute respiratory distress syndrome. J Thromb 

Haemost. 2020;18(7):1747-51. doi:10.1111/jth.14854 

19. Merad M, Martin JC. Pathological inflammation in patients 

with COVID-19: a key role for monocytes and macrophages. 

Nat Rev Immunol. 2020;20(6):355-62. doi:10.1038/s41577-

020-0331-4 

20. Shibeeb S, Ahmad MN. Thrombotic and hypercoagulability 

complications of COVID-19: an update. J Blood Med. 

2021;12:785-93. doi:10.2147/JBM.S316014 

21. Oudkerk M, Buller HR, Kuijpers D, van Es N, Oudkerk SF, 

McLoud T, et al. Diagnosis, prevention, and treatment of 

thromboembolic complications in COVID-19: report of the 

National Institute for Public Health of the Netherlands. 

Radiology. 2020;297(1):E216-22. doi:10.1148/radiol.2020201 

629 

22. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. 

Clinical characteristics of coronavirus disease 2019 in China. 

N Engl J Med. 2020;382(18):1708-20. doi:10.1056/NEJMoa 

2002032 

23. Mazzeffi MA, Chow JH, Tanaka K. COVID-19 associated 

hypercoagulability: manifestations, mechanisms, and 

management. Shock. 2021;55(4):465-71. doi:10.1097/SHK. 

0000000000001660 

24. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course 

and risk factors for mortality of adult inpatients with COVID-19 

in Wuhan, China: a retrospective cohort study. Lancet. 

2020;395(10229):1054-62. doi:10.1016/S0140-6736(20)3056 

6-3 

25. Hernandez AF, Calina D, Poulas K, Docea AO, Tsatsakis AM. 

Safety of COVID-19 vaccines administered in the EU: Should 

we be concerned?. Toxicol Rep. 2021;8:871-9. doi:10.10 

16/j.toxrep.2021.04.003 

26. MacNeil JR, Su JR, Broder KR, Guh AY, Gargano JW, Wallace 

M, et al. Updated recommendations from the Advisory 

Committee on Immunization Practices for use of the Janssen 

https://doi.org/10.1186/s40779-020-00240-0
https://doi.org/10.1208/s12248-020-00532-2
https://doi.org/10.1016%2Fj.cgh.2020.03.020
https://doi.org/10.1016%2Fj.cgh.2020.03.020
https://doi.org/10.1007/s12038-020-00114-6
https://doi.org/10.1007/s12038-020-00114-6
https://doi.org/10.1016/j.jbior.2020.100738
https://doi.org/10.1016/j.jbior.2020.100738
https://doi.org/10.1007/s12185-020-03029-y 
https://doi.org/10.1111%2Fjth.14820
https://doi.org/10.1016/S2352-3026(20)30145-9
https://doi.org/10.1016/j.tcm.2021.08.012
https://doi.org/10.1016/j.jaut.2020.102433
https://doi.org/10.1016/j.jaut.2020.102433
https://doi.org/10.1515/cclm-2020-0188
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1186/s12933-020-01047-y
https://doi.org/10.1007/s00125-020-05216-2
https://doi.org/10.1007/s00125-020-05216-2
https://doi.org/10.1016/j.jinf.2020.03.005
https://doi.org/10.1016/j.jinf.2020.03.005
https://doi.org/10.1177/1076029620962853
https://doi.org/10.1111/jth.14854
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.2147%2FJBM.S316014
https://doi.org/10.1097%2FSHK.0000000000001660
https://doi.org/10.1097%2FSHK.0000000000001660
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/j.toxrep.2021.04.003
https://doi.org/10.1016/j.toxrep.2021.04.003


COV-19 Vaccines-Induced Hypercoagulability 

 

 International Journal of Medical Reviews. 2022;9(4):397-405  |  404 

(Johnson & Johnson) COVID-19 vaccine after reports of 

thrombosis with thrombocytopenia syndrome among vaccine 

recipients—United States, April 2021. MMWR Morb Mortal 

Wkly Rep. 2021;70(17):651-6. doi:10.15585/mmwr.mm70 

17e4 

27. Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA, 

Eichinger S. Thrombotic thrombocytopenia after ChAdOx1 

nCov-19 vaccination. N Engl J Med. 2021;384(22):2092-101. 

doi:10.1056/NEJMoa2104840 

28. See I, Su JR, Lale A, Woo EJ, Guh AY, Shimabukuro TT, et al. 

US case reports of cerebral venous sinus thrombosis with 

thrombocytopenia after Ad26. COV2. S vaccination, March 2 

to April 21, 2021. JAMA. 202;325(24):2448-56. doi:10.10 

01/jama.2021.7517 

29. Scully M, Singh D, Lown R, Poles A, Solomon T, Levi M, et al. 

Pathologic antibodies to platelet factor 4 after ChAdOx1 nCoV-

19 vaccination. N Engl J Med. 2021;384(23):2202-11. 

doi:10.1056/NEJMoa2105385 

30. Schultz NH, Sorvoll IH, Michelsen AE, Munthe LA, Lund-

Johansen F, Ahlen MT, et al. Thrombosis and 

thrombocytopenia after ChAdOx1 nCoV-19 vaccination. N 

Engl J Med. 2021;384(22):2124-30. doi:10.1056/NEJMoa 

2104882 

31. Blauenfeldt RA, Kristensen SR, Ernstsen SL, Kristensen CC, 

Simonsen CZ, Hvas AM. Thrombocytopenia with acute 

ischemic stroke and bleeding in a patient newly vaccinated 

with an adenoviral vector‐based COVID‐19 vaccine. J Thromb 

Haemost. 2021;19(7):1771-5. doi:10.1111/jth.15347 

32. Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA, 

Eichinger S. Thrombotic thrombocytopenia after ChAdOx1 

nCov-19 vaccination. N Engl J Med. 2021;384(22):2092-101. 

doi:10.1056/NEJMoa2104840 

33. Rollin J, Pouplard C, Cheng Sung H, Leroux D, Saada A, 

Gouilleux-Gruart V, et al. Increased risk of thrombosis in 

FcγRIIA 131RR patients with HIT due to defective control of 

platelet activation by plasma IgG2. Blood. 2015;125(15):2397-

404. doi:10.1182/blood-2014-09-594515 

34. Rzymski P, Perek B, Flisiak R. Thrombotic thrombocytopenia 

after COVID-19 vaccination: in search of the underlying 

mechanism. Vaccines. 2021;9(6):559. doi:10.3390/vaccines 

9060559 

35. Greinacher A, Selleng K, Mayerle J, Palankar R, Wesche J, 

Reiche S, et al. Anti–platelet factor 4 antibodies causing VITT 

do not cross-react with SARS-CoV-2 spike protein. Blood. 

2021;138(14):1269-77. doi:10.1182/blood.2021012938 

36. Garritsen HS, Probst‐Kepper M, Legath N, Eberl W, Samaniego 

S, Woudenberg J, et al. High sensitivity and specificity of a 

new functional flow cytometry assay for clinically significant 

heparin‐induced thrombocytopenia antibodies. Int J Lab 

Hematol. 2014;36(2):135-43. doi:10.1111/ijlh.12136 

37. Hursting MJ, Pai PJ, McCracken JE, Hwang F, Suvarna S, 

Lokhnygina Y, et al. Platelet factor 4/heparin antibodies in 

blood bank donors. Am J Clin Pathol. 2010;134(5):774-80. 

doi:10.1309/AJCPG0MNR5NGKNFX 

38. Greinacher A, Holtfreter B, Krauel K, Gatke D, Weber C, 

Ittermann T, et al. Association of natural anti-platelet factor 

4/heparin antibodies with periodontal disease. Blood. 2011; 

118(5):1395-401. doi:10.1182/blood-2011-03-342857 

39. Azzarone B, Veneziani I, Moretta L, Maggi E. Pathogenic 

mechanisms of vaccine-induced immune thrombotic 

thrombocytopenia in people receiving anti-COVID-19 

adenoviral-based vaccines: A proposal. Front Immunol. 

2021;12:728513. doi:10.3389/fimmu.2021.728513 

40. McGonagle D, De Marco G, Bridgewood C. Mechanisms of 

immunothrombosis in vaccine-induced thrombotic 

thrombocytopenia (VITT) compared to natural SARS-CoV-2 

infection. J Autoimmun. 2021;121:102662. doi:10.1016/j.jaut. 

2021.102662 

41. Kim MA, Lee YW, Kim SR, Kim JH, ki Min T, Park HS, et al. 

COVID-19 vaccine-associated anaphylaxis and allergic 

reactions: consensus statements of the KAAACI Urticaria/ 

Angioedema/Anaphylaxis Working Group. Allergy Asthma 

Immunol Res. 2021;13(4):526-44. doi:10.4168/aair.2021. 

13.4.526 

42. Zuckerman JN. The importance of injecting vaccines into 

muscle: different patients need different needle sizes. BMJ. 

2000;321(7271):1237-8. doi:10.1136/bmj.321.7271.1237 

43. Lanese N. This chain reaction could explain rare blood clots 

linked to some COVID-19 vaccines. Available from: 

https://www.livescience.com/greinacher-theory-coronavirus-

vaccine-clots.html  

44. White JG. EDTA-induced changes in platelet structure and 

function: clot retraction. Platelets. 2000;11(1):49-55. 

doi:10.1080/09537100075805 

45. Vivas D, Roldan V, Esteve-Pastor MA, Roldan I, Tello-Montoliu 

A, Ruiz-Nodar JM, et al. Recommendations on antithrombotic 

treatment during the COVID-19 pandemic. Position statement 

of the Working Group on Cardiovascular Thrombosis of the 

Spanish Society of Cardiology. Rev Esp Cardiol. 2020;73(9): 

749-57. doi:10.1016/j.rec.2020.04.025 

46. Paranjpe I, Fuster V, Lala A, Russak AJ, Glicksberg BS, Levin 

MA, et al. Association of treatment dose anticoagulation with 

in-hospital survival among hospitalized patients with COVID-

19. J Am Coll Cardiol. 2020;76(1):122-4. doi:10.1016/j.jacc. 

2020.05.001 

47. Marietta M, Ageno W, Artoni A, De Candia E, Gresele P, 

Marchetti M, et al. COVID-19 and haemostasis: a position 

paper from Italian Society on Thrombosis and Haemostasis 

(SISET). Blood Transfus. 2020;18(3):167-9. doi:10.2450/ 

2020.0083-20 

48. Spyropoulos AC, Levy JH, Ageno W, Connors JM, Hunt BJ, Iba 

T, et al. Scientific and standardization committee communication: 

clinical guidance on the diagnosis, prevention, and treatment 

of venous thromboembolism in hospitalized patients with 

COVID‐19. J Thromb Haemost. 2020;18(8):1859-65. doi:10.1 

111/jth.14929 

49. Arif H, Aggarwal S. Salicylic Acid (Aspirin). In: StatPearls. 

Treasure Island (FL): StatPearls Publishing; 2021. Available 

from: https://www.ncbi.nlm.nih.gov/books/NBK519032/  

50. Glatthaar‐Saalmüller B, Mair KH, Saalmüller A. Antiviral 

activity of aspirin against RNA viruses of the respiratory tract—

an in vitro study. Influenza Other Respir Viruses. 2017;11(1): 

85-92. doi:10.1111/irv.12421 

51. Ahmed HA, Merrell E, Ismail M, Joudeh AI, Riley JB, Shawkat 

A, et al. Rationales and uncertainties for aspirin use in COVID-

19: a narrative review. Fam Med Community Health. 2021; 

9(2):e000741. doi:10.1136/fmch-2020-000741 

52. Chow JH, Khanna AK, Kethireddy S, Yamane D, Levine A, 

Jackson AM, et al. Aspirin use is associated with decreased 

mechanical ventilation, intensive care unit admission, and in-

hospital mortality in hospitalized patients with coronavirus 

disease 2019. Anesth Analg. 2021;132(4):930-41. doi:10.1213/ 

ANE.0000000000005292 

53. Lund LC, Kristensen KB, Reilev M, Christensen S, Thomsen 

RW, Christiansen CF, et al. Adverse outcomes and mortality in 

users of non-steroidal anti-inflammatory drugs who tested 

positive for SARS-CoV-2: a Danish nationwide cohort study. 

PLoS Med. 2020;17(9):e1003308. doi:10.1371/journal.pmed. 

1003308 

54. Hamilos M, Petousis S, Parthenakis F. Interaction between 

platelets and endothelium: from pathophysiology to new 

therapeutic options. Cardiovasc Diagn Ther. 2018;8(5):568-80. 

doi:10.21037/cdt.2018.07.01 

55. Mekaj YH, Daci FT, Mekaj AY. New insights into the 

mechanisms of action of aspirin and its use in the prevention 

and treatment of arterial and venous thromboembolism. Ther 

Clin Risk Manag. 2015;11:1449-56. doi:10.2147/TCRM. 

S92222 

56. Chiang N, Bermudez EA, Ridker PM, Hurwitz S, Serhan CN. 

Aspirin triggers antiinflammatory 15-epi-lipoxin A4 and 

inhibits thromboxane in a randomized human trial. Proc Natl 

Acad Sci U S A. 2004;101(42):15178-83. doi:10.1073/pnas. 

0405445101 

57. Zhou X, Li Y, Yang Q. Antiplatelet therapy after percutaneous 

coronary intervention in patients with COVID-19: implications 

from clinical features to pathologic findings. Circulation. 

2020;141(22):1736-8. doi:10.1161/CIRCULATIONAHA.120.0 

46988 

58. Toner P, McAuley DF, Shyamsundar M. Aspirin as a potential 

treatment in sepsis or acute respiratory distress syndrome. 

Critical care. 2015;19(1):374. doi:10.1186/s13054-015-1091-6 

59. American Diabetes Association. Standards of Medical Care in 

Diabetes—2020 abridged for primary care providers. Clin 

Diabetes. 2020;38(1):10-38. doi:10.2337/cd20-as01 

60. Gresele P, Momi S, Falcinelli E. Anti‐platelet therapy: 

phosphodiesterase inhibitors. Br J Clin Pharmacol. 2011;72(4): 

https://doi.org/10.15585%2Fmmwr.mm7017e4
https://doi.org/10.15585%2Fmmwr.mm7017e4
https://doi.org/10.1111/jth.15347
https://doi.org/10.1182/blood-2014-09-594515
https://doi.org/10.3390/vaccines9060559
https://doi.org/10.3390/vaccines9060559
https://doi.org/10.1182/blood.2021012938
https://doi.org/10.1111/ijlh.12136
https://doi.org/10.1309/AJCPG0MNR5NGKNFX
https://doi.org/10.1182/blood-2011-03-342857
https://doi.org/10.3389/fimmu.2021.728513
https://doi.org/10.1016/j.jaut.2021.102662
https://doi.org/10.1016/j.jaut.2021.102662
https://doi.org/10.4168%2Faair.2021.13.4.526
https://doi.org/10.4168%2Faair.2021.13.4.526
https://www.livescience.com/greinacher-theory-coronavirus-vaccine-clots.html
https://www.livescience.com/greinacher-theory-coronavirus-vaccine-clots.html
https://doi.org/10.1080/09537100075805
https://doi.org/10.1016/j.rec.2020.04.025
https://doi.org/10.2450%2F2020.0083-20
https://doi.org/10.2450%2F2020.0083-20
https://doi.org/10.1111/jth.14929
https://doi.org/10.1111/jth.14929
https://www.ncbi.nlm.nih.gov/books/NBK519032/
https://doi.org/10.1111/irv.12421
https://doi.org/10.1136%2Ffmch-2020-000741
https://doi.org/10.1371/journal.pmed.1003308
https://doi.org/10.1371/journal.pmed.1003308
https://doi.org/10.21037%2Fcdt.2018.07.01
https://doi.org/10.2147%2FTCRM.S92222
https://doi.org/10.2147%2FTCRM.S92222
https://doi.org/10.1161/CIRCULATIONAHA.120.046988
https://doi.org/10.1161/CIRCULATIONAHA.120.046988
https://doi.org/10.1186/s13054-015-1091-6
https://doi.org/10.2337%2Fcd20-as01


Thabet et al 

 

 405  |  International Journal of Medical Reviews. 2022;9(4):397-405 

634-46. doi:10.1111/j.1365-2125.2011.04034.x 

61. DiNicolantonio JJ, Barroso-Aranda J. Harnessing adenosine 

A2A receptors as a strategy for suppressing the lung 

inflammation and thrombotic complications of COVID-19: 

Potential of pentoxifylline and dipyridamole. Med Hypotheses. 

2020;143:110051. doi:10.1016/j.mehy.2020.110051 

62. Soderback U, Sollevi A, Wallen NH, Larsson PT, Hjemdahl P. 

Anti-aggregatory effects of physiological concentrations of 

adenosine in human whole blood as assessed by filtragometry. 

Clin Sci.1991;81(5):691-4. doi:10.1042/cs0810691  
63. Harker LA, Kadatz RA. Mechanism of action of dipyridamole. 

Thromb Res. 1983;29:39-46. doi:10.1016/0049-3848(83)90 

356-0 

64. Liu X, Li Z, Liu S, Sun J, Chen Z, Jiang M, et al. Potential 

therapeutic effects of dipyridamole in the severely ill patients 

with COVID-19. Acta Pharm Sin B. 2020;10(7):1205-15. 

doi:10.1016/j.apsb.2020.04.008 

65. Liu X, Li Z, Liu S, Chen Z, Sun J, Zhao Z, et al. Therapeutic 

effects of dipyridamole on COVID-19 patients with 

coagulation dysfunction. MedRxiv. 2020. 

66. Fata-Hartley CL, Palmenberg AC. Dipyridamole reversibly 

inhibits mengovirus RNA replication. J Virol. 2005; 

79(17):11062-70. doi:10.1128/JVI.79.17.11062-11070.2005 

67. Huang B, Chen Z, Geng L, Wang J, Liang H, Cao Y, et al. 

Mucosal profiling of pediatric-onset colitis and IBD reveals 

common pathogenics and therapeutic pathways. Cell. 

2019;179(5):1160-76. doi:10.1016/j.cell.2019.10.027 

68. Taka T, Okano E, Seki J, Yamamoto J. Effects of clopidogrel on 

platelet activation and coagulation of non-anticoagulated rat 

blood under high shear stress. Haemostasis. 1999;29(4):189-

96. doi:10.1159/000022501 

69. Peter J.  Clopidogrel hydrochloride. In Reference module in 

Biomedical Science. 2018;113665-84-2. 

70. Papich MG. Saunders handbook of veterinary drugs. Fourth 

edition. 2016, pp. 274-277. 

71. Chopra V, Marmur JD, Cavusoglu E. The role of clopidogrel in 

the management of patients with ischemic heart disease. 

Cardiovasc Drugs Ther. 2003;17(5):467-77. doi:10.1023/B: 

CARD.0000015862.62649.c8 

72. Savi P, Nurden P, Nurden AT, Levy-Toledano S, Herbert JM. 

Clopidogrel: a review of its mechanism of action. Platelets. 

1998;9(3-4):251-5. doi:10.1080/09537109876799 

73. Hoffer A. The discovery of heparin. J Orthomol Med. 1993; 

8:133. 

74. Jackson CM. Mechanism of heparin action. Baillieres Clin 

Haematol. 1990;3(3):483-504. doi:10.1016/S0950-3536(05)8 

0015-0 

75. Braz-de-Melo HA, Faria SS, Pasquarelli-do-Nascimento G, 

Santos ID, Kobinger GP, Magalhães KG. The use of the 

anticoagulant heparin and corticosteroid dexamethasone as 

prominent treatments for COVID-19. Front Med. 2021;8: 

615333. doi:10.3389/fmed.2021.615333 

76. Matli K, Farah R, Maalouf M, Chamoun N, Costanian C, 

Ghanem G. Role of combining anticoagulant and antiplatelet 

agents in COVID-19 treatment: a rapid review. Open Heart. 

2021;8(1):e001628. doi:10.1136/openhrt-2021-001628 

77. Durrani J, Malik F, Ali N, Jafri SI. To be or not to be a case of 

heparin resistance. J Community Hosp Intern Med Perspect. 

2018;8(3):145-8. doi:10.1080/20009666.2018.1466599 

78. Gage BF, Eby C, Johnson JA, Deych E, Rieder MJ, Ridker PM, 

et al. Use of pharmacogenetic and clinical factors to predict 

the therapeutic dose of warfarin. Clin Pharmacol Ther. 

2008;84(3):326-31. doi:10.1038/clpt.2008.10 

79. Hirsh J, Fuster V, Ansell J, Halperin JL. American Heart 

Association/American College of Cardiology foundation guide 

to warfarin therapy. Circulation. 2003;107(12):1692-711. 

doi:10.1161/01.CIR.0000063575.17904.4E 

80. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, 

Palareti G. Oral anticoagulant therapy: antithrombotic therapy 

and prevention of thrombosis: American College of Chest 

Physicians evidence-based clinical practice guidelines. Chest. 

2012;141(2):e44S-88S. doi:10.1378/chest.11-2292 

81. Saraf K, Morris P, Garg P, Sheridan P, Storey R. Non-vitamin K 

antagonist oral anticoagulants (NOACs): clinical evidence and 

therapeutic considerations. Postgrad Med J. 2014;90(1067): 

520-8. doi:10.1136/postgradmedj-2014-132605 

82. Dunois C. Laboratory monitoring of direct oral anticoagulants 

(DOACs). Biomedicines. 2021;9(5):445. doi:10.3390/biomed 

icines9050445 

83. Heidbuchel H, Verhamme P, Alings M, Antz M, Hacke W, 

Oldgren J, et al. EHRA practical guide on the use of new oral 

anticoagulants in patients with non-valvular atrial fibrillation: 

executive summary. Eur Heart J. 2013;34(27):2094-106. 

doi:10.1093/eurheartj/eht134 

84. Grześk G, Woźniak-Wiśniewska A, Błażejewski J, Górny B, 

Wołowiec Ł, Rogowicz D, et al. The interactions of nintedanib 

and oral anticoagulants—Molecular mechanisms and clinical 

implications. Int J Mol Sci. 2020;22(1):282. doi:10.3390/ijms 

22010282 

85. Jiang X, Crain EJ, Luettgen JM, Schumacher WA, Wong PC. 

Apixaban, an oral direct factor Xa inhibitor, inhibits human 

clot-bound factor Xa activity in vitro. Thromb. Haemost. 

2009;101(04):780-2. doi:10.1160/TH08-07-0486 

86. Mekaj YH, Mekaj AY, Duci SB, Miftari EI. New oral 

anticoagulants: their advantages and disadvantages compared 

with vitamin K antagonists in the prevention and treatment of 

patients with thromboembolic events. Ther Clin Risk Manag. 

2015;11:967-77. doi:10.2147/TCRM.S84210 

87. Schutgens RE. DOAC in COVID-19: Yes or No?. HemaSphere. 

2021;5(1):e526. doi:10.1097/HS9.0000000000000526 

 

https://doi.org/10.1111/j.1365-2125.2011.04034.x
https://doi.org/10.1016/j.mehy.2020.110051
https://doi.org/10.1042/cs0810691
https://doi.org/10.1016/0049-3848(83)90356-0
https://doi.org/10.1016/0049-3848(83)90356-0
https://doi.org/10.1016/j.apsb.2020.04.008
https://doi.org/10.1016/j.cell.2019.10.027
https://doi.org/10.1159/000022501
https://doi.org/10.1023/B:CARD.0000015862.62649.c8
https://doi.org/10.1023/B:CARD.0000015862.62649.c8
https://doi.org/10.1080/09537109876799
https://doi.org/10.1016/S0950-3536(05)80015-0
https://doi.org/10.1016/S0950-3536(05)80015-0
https://doi.org/10.3389/fmed.2021.615333
https://doi.org/10.1080/20009666.2018.1466599
https://doi.org/10.1038/clpt.2008.10
https://doi.org/10.1161/01.CIR.0000063575.17904.4E
https://doi.org/10.1378/chest.11-2292
https://doi.org/10.3390/biomedicines9050445
https://doi.org/10.3390/biomedicines9050445
https://doi.org/10.1093/eurheartj/eht134
https://doi.org/10.3390/ijms22010282
https://doi.org/10.3390/ijms22010282
https://doi.org/10.2147%2FTCRM.S84210
https://doi.org/10.1097%2FHS9.0000000000000526

